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THE MASSACHUSETTS ASSOCIATION OF BOARDS OF HEALTH was 
organized in Boston in March, 1890, with the following objects: the ad- 
vancement of sanitary science in the Commonwealth of Massachusetts ; 
the promotion of better organization and co-operation in the local Boards of 
Health; the uniform enforcement of sanitary laws and regulations; and the 
establishment of pleasant social relations among the members of the Asso- 
ciation. 

All persons holding appointments as members of a Board of Health in 
a Massachusetts city or town, the executive officers of such a local board, 
and the members of the State Board of Health are eligible to membership. 
Other persons may be elected members by vote of the Association. The 
annual dues are one dollar and fifty cents, and should be paid to the Treas- 
urer, James B. Field, M.D., 329 Westford Street, Lowell, Mass. 

The Association holds four regular meetings each year, the annual or 
January meeting always being held in Boston. 

THE OFFICIAL JOURNAL OF THE ASSOCIATION is a quarterly publi- 
cation, containing the papers read at the meetings, together with verbatim 
reports of the discussions following them. 

All communications to the Association should be addressed to the 
Secretary, EDWIN FARNHAM, M.D., City Hall, Cambridge, Mass. 

Subscriptions and all business communications should be sent directly 


to the publishers, 
SMALL, MAYNARD & COMPANY, 
Pierce Building, Copley Square, Boston. 
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JULY MEETING 


OF THE 


Massachusetts Association of Boards of Health. 


The quarterly meeting of the Association was held at Gallup’s 
Island, Boston Harbor, on the afternoon of July 31, 1901, Henry P. 
Walcott, M.D., President, in the chair. 


The PRESIDENT.— Will the Association be pleased to come to 
order? Will the Secretary read the records of the last meeting? 


The Secretary read the records of the April meeting; and, there 
being no objection to them, they were declared approved. 


Dr. Durcin.— There was an amendment to the Constitution pro- 
posed six months ago. I move that this be now taken up for action 
by the Association. 


The motion was adopted. 


Dr. Durcin.— I think Dr. Hill, the mover of this amendment, is 
present. He may have a remark to make. 

Mr. Corrry.— Dr. Hill offered the following motion to amend the 
Constitution, and it was by vote referred to the Executive Com- 
mittee : — 
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“ At any regular meeting of the Association names may be pro- 
posed for election as honorary members. Such names may be voted 
on at the same meeting, if approved by the Executive Committee, 
and, if elected, shall immediately become members for life without 
dues.” 

The PRESIDENT.— This amendment has been favorably acted upon 
by the Executive Committee, and it is now before you for action. Is 
it your pleasure that this amendment to the Constitution be adopted? 
Is there anything to be said upon that subject? 

Dr. DurciIn.— I move its adoption. 


The amendment was adopted. 


The PRESIDENT.— The amendment is adopted, and becomes a por- 
tion of the Constitution of this Association. The next business 
before the Association is the report of your Executive Committee. 
The Executive Committee reports as candidates for membership in 
this body : — 

HENRY M. FRANCIS 

Dr. J. C. BARCLAY . 

Dr. F. W. RIcE 

CHARLES E. BIRTWELL 

Dr. EDWARD M. HARTWELL 


Fitchburg. 
. Clinton. 
Brighton. 
Lawrence. 


Boston. 
Dr. CHESTER C. BECKLEY Lancaster. 
Dr. S. C. KEITH . 72 Boston. 
Dr. EDWARD J. SHANNAHAN Taunton. 
Dr. GEORGE K. ROBERTS Attleboro. 
J. ALBERT C. NYKEN . Brookline. 
Dr. GEORGE P. SANBORN Brookline. 


On motion of Dr. Durgin the gentlemen named were elected 
members of the Association. 


The PREsIDENT.— Is there any other committee prepared now to 
report? 


Dr. Chapin (Providence) presented the following 


REPORT. 


At the annual meeting in Boston, in January, 1901, your committee 
was instructed to draw up a circular of advice relating to cleanliness 
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in school-children, designed to prevent infection from one to another 
by intimate and thoughtless contact between each other and their 
belongings. A meeting was held April 24 at the State House in 
the rooms of the State Board of Health by the courtesy of Dr. Ab- 
bott. Members present: Dr. Chapin (chairman) in the chair, 
Doctors Abbott, Denny, Theobald Smith, and Hill (secretary), A 
form of circular was drawn up, and ordered submitted to the Associa- 
tion at the next meeting. No report, however, was made at the next 
meeting in Worcester on account of lack of time at that meeting. It 
is therefore before you to-day. 

The question of testing virulence in cases of suspected diphtheria 
was also referred to this committee at the January meeting; but the 
final report on this subject and on the results of the co-operative in- 
vestigation into the prevalence of diphtheria bacilli in well persons 
are not yet complete. Your committee respectfully asks that a 
further extension of time be granted, and that a sum of money not to 
exceed $25 be appropriated for certain expenses connected with the 
printing of the reports for circulation, etc. 

Dr. Theobald Smith has been appointed to, and has accepted, 
membership in the committee. 

Respectfully submitted, 
CHARLES V. CHAPIN, Chairman. 


REPORT OF THE COMMITTEE ON “DIPHTHERIA 
BACILLI IN WELL PERSONS” IN REGARD TO 
TEACHING CLEANLINESS AMONG 
SCHOOL-CHILDREN. 


It appears to the committee that a considerable number of chil- 
dren are infected with communicable disease, though they may be 
very slightly sick or often not sick at all. Such children mingle 
freely with others, and are according to our present knowledge the 
most fertile cause of the spread of communicable disease. If the 
communication between mouth and mouth can be lessened, it is 
hoped that communicable disease may be lessened. The schools 
seem to be proper places for inculcating that personal neatness 
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which would forbid the passage from mouth to mouth of any 
article. 

Means suggested for the accomplishment of this object are : — 

1. The instruction of teachers by an annual lecture or talk. The 
Teachers’ Institute furnishes an excellent opportunity for this. 

2. The distribution annually to teachers of a circular, a model for 
which is herewith presented. 

3. If the town or city desires cleanliness and refinement taught, it 
must itself teach by example. 

The free text-book system presents some obstacles to the develop- 
ment of the idea of privacy of personal property, but with care they 
can be overcome. Even with this system the pupil can in most in- 
stances have its own books, pencils, and slates for a term or year, 
and be held responsible for their condition. This should always be 
done so far as possible with everything that is furnished by the 
school department for the use of pupils. It entails more trouble for 
the teachers, particularly in the care of pencils, pen-holders, etc. ; 
but with a proper system and some care these may be kept separate 
for each child. When books become decidedly soiled, they should 
be destroyed. 

The use of modelling clay, if it is passed from one pupil to another, 
is objectionable, as it certainly gathers dirt from the hands. But, if 
each pupil’s clay is kept separate, as it is done in many schools, its 
use may be permitted. 

Children must not be allowed to use their saliva on their slates. 
Each child may be provided with its own sponge or cloth, and must 
not be allowed to use anything else for erasing. This is entirely 
practicable, and is frequently done. There are several reasons why 
it would be advantageous to abolish the use of slates, and the chief 
objection to this appears to be the expense. Nevertheless, the use of 
slates has been done away with in many schools; and it is recom- 
mended that this be done wherever possible. 

The drinking-cup is perhaps the most common means of trans- 
mitting saliva from one to another, and its use should be abolished 
if possible. Separate drinking-cups might be provided either by the 
pupils or by the city school department. The use of a special style 
of drinking fountain to be used without cups has been recommended, 
but with this the committee has no experience. 
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HEALTH DEPARTMENT. 
SUGGESTIONS FOR THE TEACHING OF CLEANLINESS AMONG SCHOOL- 
CHILDREN, 


The poisons of some of the common and also of some of the 
most loathsome diseases are frequently contained in the mouth. In 
such cases anything which is moistened by the saliva of the infected 
person may, if it touches the lips of another, convey disease. The 
more direct the contact, the greater the danger. 

It is the purpose of health officials to keep in isolation all persons 
having communicable diseases during the time that they are infec- 
tious. But in many cases this is impossible. Little restraint is put 
on certain mild diseases, as measles, whooping-cough, chicken-pox, 
and mumps, and even such diseases as diphtheria, scarlet fever, and 
tuberculosis are frequently so mild as to be unnoticed ; and children 
affected with them mingle freely with others. It is probable that in 
such cases one of the chief vehicles of contagion is the secretion of 
the mouth and nose. It is believed that much can be done to pre- 
vent contagion by teaching habits of cleanliness. But, if such in- 
struction ts to be effectual, it must be continuous. The teacher must notice 
and correct violations of those rules as habitually as the violation of the 
more formal school rules are corrected. 

Even if the question of disease and contagion did not enter into 
the matter at all, the subject ought to be given more attention by 
teachers. Our schools should not only teach reading, writing, and 
arithmetic; but it is perhaps quite as important that they should in- 
culcate cleanliness, decency, refinement, and manners. Cleanliness 
should be taught for its own sake, even if it had no relation whatever 
to health. 

TEACH THE CHILDREN 

Not to spit: it is rarely necessary. To spit on a slate, floor, or 
sidewalk, is an abomination. 

Not to put the fingers into the mouth. 

Not to pick the nose. 

Not to wet the finger with saliva in turning the leaves of books. 

Not to put pencils into the mouth or moisten them with the lips. 

Not to put money into the mouth. 
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Not to put pins into the mouth, 

Not to put anything into the mouth except food and drink. 

Not to swap apple cores, candy, chewing gum, half-eaten food, 
whistles, or bean-blowers, or anything that is habitually put in the 
mouth, 

Kissing is a means of transmitting infection. 

Teach the children to wash the hands and face often. See that 
they keep them clean. If a child is coming down with a communi- 
cable disease, it is reasonable to believe that there is less chance of 
infecting persons and things if the hands and face are washed clean 
and not daubed with the secretions of the nose and mouth. 

Teach the children to turn the face aside when coughing and 
sneezing, if they are facing another person. 

Children should be taught that their bodies are their own private 
possessions, that personal cleanliness is a duty, that the mouth is 
for eating and speaking and should not be used as a pocket, and the 
lips should not take the place of fingers. 


The PRESIDENT.— Dr. Chapin’s very valuable report will find its 
place in the printed report of the Association. 

Next is a paper by Dr. White, which was left over from the last 
meeting. I think Dr. Hill will read the paper. 

Dr. Hi1Lt.— Dr. White wished to present this paper in person, but, 


having recently been ill, is convalescing out of town, and asked me to 
read it for him. 


AN APPARENT CASE OF DIPHTHERIAL INFECTION 
FROM WELL PERSONS CARRYING DIPH- 
THERIA BACILLI* 


BY FRANKLIN W. WHITE, M.D., OF BOSTON, 


The history of the following case well illustrates several important 
points concerning the contagiousness of diphtheria. 

The child whose illness we shall consider was two years old, of 
Italian parentage, and lived in a thickly settled tenement-house dis- 


* Read before the Massachusetts Association of Boards of Health July 31, rg01 
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trict of Boston. He was taken sick on the 12th of December with 
an attack of diphtheria of moderate severity, having fever and being 
confined to bed for two or three days only. Membrane was present 
on the tonsils, diphtheria bacilli were found in cultures from the 
throat, and he received three injections of antitoxin. Convalescence 
from this illness was rapid, and the child remained perfectly well; 
but positive cultures were obtained from his throat for the following 
three months. 

Diphtheria bacilli obtained from the throat on February 18, about 
two months after the illness, were moderately virulent; and bacilli 
from the throat on March 3, nearly three months after the illness, 
showed a low but definite virulence. The tests for virulence were 
made by direct injection of solid culture into guinea pigs, and by 
injection of 48-hour old, or two weeks old, bouillon cultures into. 
guinea pigs, the amount of fluid injected being one-half of the weight 
of the pig. 

A 48-hour bouillon culture of the bacilli obtained on February 
18 gave a decided local and general reaction in the guinea pigs, 
which, however, cleared up and the pigs lived. 

The bacilli obtained on March 3, in 48-hour bouillon culture, gave 
a slight local reaction in the guinea pigs, followed by recovery. 
A two weeks old bouillon culture killed the guinea pigs in five days, 
producing a small necrotic focus at the site of inoculation, which con- 
tained diphtheria bacilli. 

Four persons were more or less continuously exposed to infection 
from the first child during the three months in which virulent bacilli 
were present in his throat. Two persons, a boy aged four and a 
woman aged twenty-five, were in the same family; and two others, a 
girl aged six months and a woman aged eighteen years, lived in an 
adjoining room. The woman aged twenty-five had had diphtheria in 
childhood. None of the others had ever had the disease. 

On February 1, nearly two months after the child’s illness, a pre- 
liminary fumigation of the rooms was carried out, with the object of 
reducing the number of diphtheria bacilli about the premises and 
hastening their final disappearance. 

On March 1, a negative culture was cbtained from the child’s 
throat, the house fumigated, and the child released from isolation, 








94 MASSACHUSETTS BOARDS OF HEALTH 


the assumption being that the diphtheria bacilli in the child's throat 
were too few in number and of too little virulence to prove dangerous 
to others. 

On March 3 cultures were made from the throats of the child and 
the four people known to be exposed to him. Diphtheria bacilli 
were found in the throats of the original child, of the boy aged four, 
and of the girl aged eighteen. 

Three days later a second set of cultures were taken from the nose 
and throats of the same people. Positive cultures were obtained in 
the throat of the original child, in the nose and throat of the boy 
aged four years, and in the nose of the girl aged eighteen. Neither 
of the two exposed persons who had diphtheria bacilli in the throat 
was ill at any time during the three months. 

The diphtheria bacilli from the original child showed a low grade 
of virulence even at this late date, as stated above. ‘The bacilli 
from the throat of the four-year-old healthy boy showed an equal 
virulence. The virulence of the bacilli from the girl was not tested. 
Just after the release of the patient and disinfection of the house, two 
children, a boy of seven years and a girl of four years, came to the 
house from out of town, and were exposed to the children having 
bacilli in the throat for a day or two, and then returned home. 
Within five days the girl developed clinical diphtheria of moderate 
severity, was treated with antitoxin, and recovered. 

This child was not attending school at this time, and not exposed, 
as far as known, to any other cases of diphtheria; and the evidence 
is very strong that she received her infection from these healthy 
children with whom she associated, and who had carried virulent 
diphtheria bacilli in their throats for nearly three months. (It is not 
known that cultures were taken in this case, and an unfortunate 
chain of circumstances has prevented our obtaining additional data.) 

We cannot absolutely rule out the possibility of more than one 
source of infection in any case of diphtheria, and this case is no ex- 
ception to the general rule; but at the same time we consider that 
the evidence of infection from the source cited is of the strongest 
possible kind. 

The interesting features of this case are as follows : — 

rhe long duration of virulent bacilli—namely, for eighty-five or 
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more days — in the throat of a child who had a rather mild attack of 
diphtheria, and who was treated with antitoxin. 

The presence of virulent bacilli in the throats of two out of four of 
the child’s associates nearly three months after his illness and after 
the premises had been twice fumigated. 

The fact that these two associates had never had diphtheria and 
yet carried virulent diphtheria bacilli in their throats for a long time 
without developing the disease. 

The fact that the persons not showing bacilli in the throat were of 
an age (six months and twenty-five years) when infection was less. 
likely to occur. 

The case shows that children who are frequently brought into 
direct contact with true cases of diphtheria often receive the virulent 
bacilli into their throats, and that these bacilli may persist for days,. 
weeks, or even months. In some of these children no disease de- 
velops. 

It shows that children associated with well persons carrying 
bacilli, even after fumigation of the premises, may contract the 
disease in spite of the low virulence of the bacilli. 

It confirms the well-known fact that one negative culture does not 
guarantee that diphtheria bacilli have disappeared from the throat. 
It illustrates the need of more rigid isolation of diphtheria cases, 
especially in the tenement-house districts. 

We always recognize that diphtheria patients ill or convalescent, 
or their discharges, are a source from which virulent bacilli may be 
obtained ; but we must not forget that the healthy throats of indi- 
viduals who have been in contact with them, and which may con- 
tain virulent bacilli for weeks and months without causing any 
lesion, are also a source of contagion. 

We have a rule that no convalescent diphtheria patient may be re- 
leased from isolation until one or two negative throat cultures have: 
been obtained. It may prove a great advantage to add a further 
rule ; namely, that associates of the patient must also show negative: 
throat cultures before being allowed to mingle with healthy persons. 

The fact that the majority of people and even the majority of 
children are not very susceptible to diphtheria is undoubtedly a great 
safeguard against more frequent infection. 
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I wish to thank Dr. Hibbert Winslow Hill for his kind interest and 
assistance in allowing me to carry out the bacteriological work on 
these cases at the laboratory of the Boston Health Department. 


Dr. H1LLt.—I have a short note which I will present at this time, 
also from our own laboratory, on a different subject. 


SURVIVAL OF TYPHOID BACILLI IN BODIES OF 
COOKED SHELL-FISH. 


BY HIBBERT WINSLOW HILL, M.D., 


DIRECTOR BACTERIOLOGICAL LABORATORY OF THE BOSTON BOARD OF HEALTH. 


It has been generally held that transmission of typhoid fever 
through oysters, clams, cockles, etc. occurs only when the latter are 
eaten raw; and as yet no clear case of transmission through cooked 
shell-fish has been recorded, so far as I am aware. Dr. E. N. Whittier 
(Boston Medical and Surgical Journal, May 9, 1901) attributed to oys- 
ters, cooked as a plain roast, three or four cases which occurred at 
Marion last year; but to my mind the proof was not conclusive. 

Nevertheless, it is possible for typhoid bacilli in the interior of 
shell-fish to survive for a brief period the temperature to which they 
are subjected in certain forms of cooking. 

In 1900 certain work connected with this subject was undertaken, 
and in continuation of this in 1901 the temperatures attained in dif- 
ferent forms of cooking were ascertained by visiting the Boston 
Cooking School, the Touraine, and Marston’s Restaurant. These 
were compared with the temperatures found in infected oysters ex- 
perimentally cooked in the laboratory. The names of the cooking 
‘processes, the processes themselves, and the temperatures reached 
varied in all of these three places; but enough was found to show 
that typhoid bacilli within the body of shell-fish may at times survive 
the temperatures reached in some cases. 

The temperatures used in cooking shell-fish do not remain con- 
stant for any length of time, but are characterized by a sharp rise and 
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a slow fall. It is generally accepted that 160° F. maintained for ten 
minutes will kill moist typhoid bacilli, but in few processes of cook- 
ing shell-fish yet noticed has such a condition been maintained. The 
problem is a somewhat intricate one, and the few figures I can as yet 
submit are suggestive only. 

In order to be sure of finding the typhoid bacilli again readily, 
threads with a needle on them were dipped into a broth culture of 
typhoid bacilli and put through the oyster. Then the threads were 
cut off at the surface, leaving a piece in the middle of the oyster, 
which was removed, to recover the culture, after exposure of the 
oyster to the heat. It must be remembered that shell-fish, oysters 
and clams in particular, lying in sewage-polluted water, take into their 
intestines, and perhaps their tissues, the sewage bacteria. It is the 
bacteria in these situations, not those in the water outside the body 
(and inside the shell), which survive cooking, when any survive at all. 

Oysters thus artificially infected with typhoid bacilli and immersed 
in boiling water yielded growths of typhoid bacilli when the period of 
boiling was one minute, the cultures being made immediately on 
removal from the water. Cultures made one minute after removal 
were also positive, but two minutes after removal were contaminated. 

Infected oysters and clams, exposed for two minutes to boiling 
water, yielded positive results in cultures made immediately on 
removal, but failed to yield positive cultures one minute, two minutes, 
and three minutes after removal. Exposures to boiling water for 
three and for four minutes failed to give positive results. 

The temperatures developed in the bodies of oysters, etc., prepared 
as for the plain roast, the fancy roast, the pan roast, in frying, and in 
some forms of chowder, fell below that similarly developed by two 
minutes’ boiling in water. Some forms of roast fell below that found 
in one minute’s boiling in water. 

Of course, a very little heating, more or less, will decide the matter 
in any given case. While no very striking new source of infection 
has been unearthed, yet a good reason for investigating the exact 
facts concerning even “ cooked ” oysters, where oysters are in ques- 
tion as means of infection at all, is supplied. 

I may say that the work, from a rush of other things, was rather 
incomplete, and that only the actual facts found can be regarded as 
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being of any value at all. The negative results particularly require 
further confirmation. 


Dr. Kre1rH.—I should like to ask Dr. Hill whether the cultures 
from the affected persons were placed inside or merely outside of the 
oyster, and the methods employed in making the test. 

Dr. H1Lt.— Oh, inside. Without question, if they were on the 
outside, they would be killed during cooking. 

Dr. Denny.— Dr. Chapin in his report asked for an appropriation 
of $25 to pay for printing the report of the committee. I should like 
to move that $25 be appropriated for that purpose. 


The motion was adopted. 


Dr. Durcin.— I move a vote of thanks to this committee who are 
doing such noble work for the Association and for the community. 

Mr. Pitspury.— I second the motion. 

The PRESIDENT.— It is moved and seconded that the thanks of 
the Association be given to our very able and very industrious com- 
mittee upon this subject. 


The motion was adopted. 


Dr. CHAPIN, Providence.—If it is in order now, I should like to 
propose the name of Professor F. F. Westbrook, of Minneapolis, as an 
honorary member of this Association. He has been of very great 
assistance to our committee in its work, and has furnished us with a 
good deal of material and with plates illustrating the different forms 
of bacilli for the use of members of the committee and the workers 
with us. 

The PRESIDENT.—I am sure that, if the Association was familiar, 
as some of us are, with Professor Westbrook, it would most heartily 
welcome his addition as an honorary member. 

Dr. Durcin.—I very gladly second that motion, knowing the 
gentleman well and feeling that he would be a valuable acquisition to 
the Association. 

The PresIpENT.— It is moved and seconded that Professor West- 
brook be elected an honorary member of this Association. 


The motion was unanimously adopted. 
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The PRESIDENT.— The next paper of the afternoon is by Dr. 
Theobald Smith, upon “ The Etiology of Malaria, with Special Refer- 
ence to the Mosquito as an Intermediate Host.” I have the pleas- 
ure of presenting him to you. 


THE ETIOLOGY OF MALARIA, WITH SPECIAL REFER- 
ENCE TO THE MOSQUITO AS AN 
INTERMEDIATE HOST.* 


BY THEOBALD SMITH, M.D. 


Mr. President and Gentlemen of the Association,—'The subject which 
I am to bring before you to-day has aroused so much interest in the 
medical profession, as well as among the public, that there appears 
to be very little to say which has not already appeared somewhere in 
print. Inasmuch as physicians, sanitarians, zodlogists, and entomolo- 
gists have taken part in these investigations, and since the latter 
have been carried on over the entire civilized world, the number of 
specially interested scientists is very large. Moreover, the subject 
has been of more than ordinary importance to the colonizing nations 
of Europe, and also to this country, who have learned to regard 
malaria as the greatest foe which their extending empires have to 
meet. 

In view of the large amount of more or less fragmentary informa- 
tion which has already been published in various journals, it has 
seemed to me that I can serve the purposes of the Association best 
by giving a very brief connected survey of the whole subject, by refer- 
ring only to fundamental principles and illustrating them, as far as 
possible, with specimens and diagrams. 

The subject as it has been developed within the last twenty years 
divides itself easily into three different lines of research. The first 
and earliest in history is the study of the disease itself from the 
physician’s standpoint,— the clinical manifestations of the disease, 
and the recognition of different types according to the fever curve, 
the discovery of the parasite in the blood, and its use for diagnosis 


* Paper stenographically reported and revised by the author. 
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and treatment. The second is the study of the parasite itself, its life 
history, as well within the human body as outside of the human body, 
more particularly in the mosquito, and its various stages. That isa 
subject quite apart from the former and one to which zoologists have 
devoted a great deal of time. The third and final step is the study 
of the intermediate host itself, of the mosquito in other words, the 
different species and the particular ones that transmit malaria, the 
life cycle of the mosquito, its breeding-places, and the means of 
destroying it. This third and final step has been undertaken with 
the co-operation of entomologists and zodlogists over the entire world. 

I wish to speak very briefly of the first phase of our study ; namely, 
the malaria parasite as it occurs in the human body. You probably 
are all aware that this little parasite, which lives in the red blood 
corpuscles of man and destroys them, was first discovered twenty 
years ago by a French military surgeon, Laveran. For a number of 
years after its discovery it received scant attention, and it was either 
passed over in silence or regarded as a fiction. This was especially 
so in Germany, which is to-day taking such a leading part in the 
study of malaria. The subject remained comparatively unnoticed 
there for ten or fifteen years, because probably there was no malaria 
in that country to create an interest. In 1885 to 1889 the Italians 
paid a great deal of attention to the malarial parasite in the blood; 
and very prominent among them was Golgi, who studied its life cycle 
in the blood corpuscle. He watched its growth as it entered the red 
corpuscle, saw it finally enlarge until it was as large as the red cor- 
puscle, and then break up into a number of little bodies, which are 
called spores, and which again enter the red corpuscle to start the 
disease anew. Here are some diagrams which illustrate this. Golgi 
found that in certain types of fever this breaking up into spores 
occurs at the end of forty-eight hours, and that gives us the tertian 
type of fever, the fever occurring at the time of the sporulation. He 
also found that there were certain other types of fever, in which the 
spore formation occurs at the end of seventy-two hours; and that 
gives us the quartan fever, which is, however, a rather infrequent 
form of malaria. He also found a third type of fever, which is the 
pernicious type, the irregular, tropical type of fever, which we do not 
encounter in this latitude, but which occurs in most parts of the 
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tropical and sub-tropical world. In the tropical climates all three 
types of fever prevail. 

While these investigations were going on, the knowledge of the 
malarial parasite was extended in various directions. It was found 
that little bodies live in the red corpuscles of frogs, turtles, lizards, 
and snakes; and these were studied by zodlogists, and the studies 
which they made contributed largely to the success of the recent 
studies upon human malaria. It was also found that birds harbor 
malarial parasites. The crows, pigeons, finches, and sparrows in 
different parts of the world are also affected with malaria, which has 
been thoroughly studied, and which is the foundation of part of our 
knowledge of the final results in connection with the mosquito as 
transmitter. It was also found that the parasite occurs in mammals. 
It was found in cattle, in sheep, and latterly in dogs. In these 
mammals it produces severe and destructive diseases. Thus during 
this period the study of malaria was extended to the lower animals; 
and it was found that man was not the only one who was affected 
with malaria, but that similar diseases occurred among animal life. 
At the same time all efforts to prove that these parasites of animals 
were able to infect the human subject, or that the human malarial 
parasite was able to infect animals, proved a failure. These parasites 
are all peculiar to the species which they inhabit: they are not 
transferable from one species to another. This it is important to 
bear in mind, because no animal excepting the mosquito can carry 
or transmit human malaria. 

These studies have led to a very valuable feature of clinical medi- 
cine to-day, and also of sanitary medicine,— our ability to diagnose 
malaria by an examination of the blood, either fresh or dry. All of 
you probably know that since 1895 the State Board of Health has 
utilized the method of blood examination to aid physicians in differ- 
ent parts of the State to recognize malaria in doubtful cases. As you 
also probably know, cover-glasses are sent out in these little capsules, 
- and films of blood are spread upon them, and they are sent back to 
the laboratory for diagnosis. This first step in our knowledge, the 
study of the malarial organism in the blood, has proved of inestima- 
ble advantage in the recognition of malaria and in its differentiation 
from other types of disease. 
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There was no doubt of the fact during this time that our knowledge 
was very incomplete. The current theory of malaria, that the germs 
exist in the soil and in water, was incapable of explaining the inci- 
dence of the disease. In fact, this old theory was like an old out- 
worn creed: nobody could actually disprove it, but nobody was 
really satisfied with it and no biologist could believe in it any longer. 
Therefore, the time was ripe for some new discovery; and this came 
in the shape of the study of the parasite outside of the body, in 
another animal, in the mosquito. The discoveries which led up to 
this fact, however, are quite numerous and due to many minds. It is 
worth while to bear in mind that the mosquito theory, or at least the 
theory that insects carry malaria, is said to be recorded in the writings 
of the ancients; but, however that may be, it was a fairly well-known 
theory during the present century in this country. In 1848 Dr. Nott, 
of New Orleans, forcibly emphasized the probability of the mosquitoes 
carrying malaria; and in 1883 Dr. King, of Washington, D.C., wrote 
several articles strongly supporting the malaria theory. But the first 
impulse toward the scientific study of the relation of mosquitoes to 
malaria —in fact, the first indication that it was worth while to spend 
any time upon it— was given by the studies of malaria in animals. 
Here is a chart which shows the malarial parasite of cattle. In 1890, 
1891, and 1892 it was definitely demonstrated by the speaker and 
F, L. Kilborne that this malarial disease is transmitted only by a 
parasite, not an insect, but one that stands close to the insects, a tick, 
and that it can only be transmitted by such an animal. 

These demonstrations gradually led observers in different parts of 
the world to insist upon the probability of the mosquito theory of 
malaria, most of the writers on the subject stating that very likely the 
mosquito was the intermediate host. In 1894 Manson began to 
emit his theory of the mosquito as the intermediate host, but his 
theory was faulty. He claimed that the mosquito draws the blood, 
and with it parasites, out of the human body, and that they mature in 
the mosquito, and that, when the mosquito dies, these spores that are 
produced therein are scattered to the winds and inhaled. They reach 
the water, and are taken into the body with it. According to Manson, 
infection occurs through the water and food as well as through the 
air. In 1898 one of Manson’s pupils, Ross, in India, finally was able 
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to demonstrate that malaria of certain birds is transmitted by the 
sting of certain mosquitoes belonging to the genus Culex, and that in 
Culex they undergo a certain complicated transformation, become 
ripened, as it were, and after they are ripe, after a number of days, 
the spores are discharged back into another bird that is bitten by the 
mosquito. This cycle is given in this diagram, and I shall briefly 
describe it in connection with another part of my remarks. 

R. Koch also took up the subject in 1898. He was stimulated to 
carry on his researches by the fact that he found in Africa the 
malarial disease in cattle (Texas fever), which was first studied in 
this country, but which is now found entirely around the globe, in the 
tropical and sub-tropical zones. He was able to confirm earlier in- 
vestigations which showed that this disease could be produced by 
putting on animals the cattle tick which carries the disease. He at 
once set to work to study human malaria in different parts of the 
world, and added very materially to the knowledge which Ross had 
given us. Then the Italians took it up, and they are still busy with 
it. They formed a society for the investigation of malaria; and one 
of their zodlogists, Grassi, studied the mosquitoes very thoroughly, 
and the life history of the parasite in them, and materially completed 
our information upon that subject. 

I presume you have read a great deal about the parasite of malaria ; 
but it is a very complicated organism, and I think it is well to have 
some idea of the fundamental processes through which this organism 
passes. It belongs to the Protozoa, as you probably all know; and 
under the /ro/ozoa it belongs to a peculiar class of parasites, which 
are the true parasites of animals, the S/oro0zoa,— some of them very 
dangerous. Under the Sforozoa, it belongs again to another, smaller 
group, which we call the Coccidza. 

Now let us briefly look at this cycle of the malarial parasite; and 
we may take for this purpose this diagram of the malaria in birds, 
because it is the same asin man. The parasite enlarges, divides, and 
each spore passes back into a fresh red corpuscle, to again enlarge 
and divide into spores, the number of times this goes on depending 
on the treatment. If the patient remains untreated, the number of 
chills (each chill corresponding to sporulation) may be indefinite. If 
the patient is treated with quinine, they disappear. At a certain 








104 MASSACHUSETTS BOARDS OF HEALTH 


stage in the life history of the parasite in the blood it no longer 
divides in this way; but the body goes on to assume two other forms, 
which are represented here. These other bodies grow large, nearly 
fill the corpuscle; and they continue to develop, each one in his 
particular way, into what are now known as male and female bodies, 
Here is the female body, and here is the male. When blood is with- 
drawn from the body and placed under a microscope, the male body 
after a few minutes will be seen to break up the corpuscle in which it 
is contained, and to throw out these flagella which you see here and 
which become violently agitated. These flagella seem to break away. 
They have been seen to bury themselves in the body of the female 
organism. In other words, we have a case of true sexual reproduc- 
tion here in one of the most minute of animal organisms. 

This fertilized body undergoes certain changes in the mosquito, 
which lead finally to the formation of bodies which enter the red blood 
corpuscle again; and this occurs in the following way: If we take 
the blood of birds and put it under a microscope, we can observe the 
process of fertilization going on. Then, after about an hour or two, 
the fertilized body gives rise to a little worm-like body, which grad- 
ually works its way out of the fertilized female body, and which moves 
about for a certain length of time; and then nothing more happens to 
it. The process is stopped because it is under the cover-glass. But, 
if we take the parasite and allow the mosquito to draw the blood, then 
this body forms in the stomach of the mosquito. In the stomach of 
the mosquito the fertilization takes place. The fertilized female gives 
rise to this little worm-like body. This makes its way through the 
stomach of the mosquito and reaches the outer layer of the stomach. 
Here it remains under the covering of the stomach. It slowly en- 
larges; and in five or six days the interior is broken up into an im- 
mense number of little rod-like bodies, which are only three or four 
times as large asa big bacillus, for instance. The mother body finally 
ruptures, and these little sporozoites get into all parts of the body 
cavity of the mosquito. They reach the poison or salivary glands in 
the anterior portion of the body, which is represented here in section; 
and here you see immense numbers of these little rod-like bodies 
which have collected in the salivary glands. Here is the stomach of 
a mosquito with these little bodies. After the parasite has worked its 
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way through the stomach and appeared under the serous, or outer, 
covering, it forms these little nodules, which are represented by these 
bodies here. And here is the stomach of a mosquito with these little 
bodies attached, in which is going on this division into these little 
bodies, which we call sporozoites. When they reach the salivary 
glands in the body, they are discharged at the first opportunity which 
the animal has of stinging any susceptible subject. They enter the 
human blood, penetrate into the red blood corpuscles, and there pass 
through the cycle already described, which gives rise to the fever. 

Before this remarkable development had been discovered, a certain 
number of studies upon similar Protozoa (Coccidia) had shown that 
these organisms were true sexual organisms, so that this cycle which 
I have just pointed out was not entirely an original discovery with 
students of malaria. They had received a great deal of help from 
zodlogists who were studying other forms related to these, but of 
apparently no economic or sanitary significance. They were simply 
studying zoological objects, but in so doing they at the same time 
threw strong light upon the life cycle of the malarial parasite. These 
other parasites which they studied undergo this entire change in one 
animal; but in malaria the change is spread over two bodies, the 
human body as well as the mosquito. 

The time required for this parasite to pass from the red blood cor- 
puscle into the mosquito and to develop there until it is ready to pass 
out again is about ten days in favorable hot weather, so that, if a 
mosquito is infected to-day with blood from a patient, in about ten 
days that mosquito is ready to discharge these little bodies from its 
salivary glands into man again. The period of incubation in man is 
about ten days, so that twenty days would elapse between one case 
of malaria and another as the shortest possible interval. Of course, 
this interval may be greatly lengthened out by cold weather. For in 
cold weather the evolution of the parasite is greatly retarded in the 
insect. 

Now a few words in regard to the mosquitoes themselves. In con- 
sideration of the large number of species which occur in most locali- 
ties —it is said that there are not less than 250 species that have 
been determined in the entire world — it is, of course, a problem of 
the greatest importance to find out which species cause malaria and 
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which do not. In solving this problem, perhaps no one has done 
more than a certain Italian zodlogist, Grassi, who studied the distri- 
bution of the mosquitoes in Italy. He found—and his work has 
been since that time confirmed —that of the two great genera of 
mosquitoes that are commonly found in various localities, Cudex and 
Anopheles, Anopheles is the one that carries malarial parasites. By 
making careful comparative studies with infected Cu/ex and by allow- 
ing patients to be stung by Anopheles, he reached the conclusion that 
the genus Anopheles is the one which transmits human malaria, and 
that Culex has nothing to do withit. From this position Koch dis- 
sented several years ago, when he studied the disease in Italy; and he 
claimed that probably also some species of Cu/ex transmit the disease. 
But I am not aware of any further statement of his upon the subject; 
and I think we must rest contented with these statements for the 
present, since the Italian scientists have made personal and very 
thorough investigations into this subject. 

The life history of Culex and Anopheles is now given fully in various 
books,* accessible to all of you, so that I shall not go into any details 
concerning them. I simply wish to say a few words, which will be 
greatly re-enforced by the presence of certain developmental stages 
of these species which I have in this glass. Owing to pressure of 
other duties which I had to attend to, I was unable to get sufficient 
material to demonstrate the development of the mosquito to you; and 
I am very much indebted to Mr. Underwood, who was kind enough 
to bring over to-day for my use and for your inspection the larve of 
both Culex and Anopheles, which he has been fortunate enough to 
collect, and some of which he has been able to rear into the full- 
fledged mosquito. 

The development of the Cu/ex is briefly this: The adult insect 
lays its eggs upon a quiet pool of water, and within a day the larve 
hatch out. These larvae are probably familiar to you as the little 
slender wrigglers which occur in standing water. They live in this 
guise for some days, when they change their form and position and 
become pupa. The pupa lives several days in the water. Then 
the membrane splits, and the insect rises from the remains of the 
pupa. The shortest time that it takes the adult insect to develop 
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from the egg is about ten days in hottest weather, but this period may 
be lengthened more or less indefinitely by untoward cool weather. 
With Anopheles the development is in general the same. The insect 
passes through the stage of larva and pupa, and then the full-fledged 
insect appears; but it takes Anopheles at least twenty-five days to 
develop, whereas Cu/ex requires only on an average about fifteen 
days. ‘The appearance of these larve to one who has not paid very 
much attention to them is nearly the same; but, if you examine these 
two lots of larvae, one Culex and the other Anopheles, you see some 
very marked differences. The one that strikes you at once is the 
fact that the larvae of Cu/ex hang down obliquely from the surface 
of the water, whereas the larve of Amopheles remain near and 
parallel to the surface of the water where they feed. In regard to 
the adult insects the differences, of course, are such as require study 
to appreciate. Those who have once seen the adult Anopheles and 
the adult Cu/ex will not fail to recognize them again. 

There is only one point to which I wish to call your attention in 
the adult insects. This is the drawing of a male Anopheles, the 
malarial mosquito, which has these little spots on the wings. You 
notice that the male has these bushy antennz, which are inconspicu- 
ous in the female. But in Anopheles both male and female have these 
long projections from the head, which we call the palpi ; and in Cudex 
they are present only in the male. The palpi of the female Cu/ex are 
very short and stumpy. If you find female mosquitoes in this climate 
which have these long palpi extending from the head, then you have 
Anopheles to deal with. But there are other differences which can be 
easily recognized by seeing the species; and I have brought with me 
to-day a number of species of Cu/ex and also the two species of Anopheles 
which are supposed to transmit malaria, which were caught in the 
suburbs of Boston, and which you may inspect at your convenience, 
There are these two species of Anopheles in this part of the country, 
the A. which corresponds closely to and is supposed to be identical 
with the malarial mosquito which has been studied in Italy, and 
another A4., whose malaria-producing powers have not been demon- 
strated. But, as I said a moment ago, we may take for granted that 
both transmit malaria until the contrary has been definitely proved. 

The breeding-places of mosquitoes are familiar to all who have 
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lived in the country. There are supposed to be some differences 
between breeding-places of Cu/ex and Anopheles ; but, after reading the 
reports of different observers from different parts of the world, includ- 
ing South Africa, I am inclined to think that the differences are purely 
local, and that we are likely to meet Anopheles almost everywhere 
where Culex breed and where the temperature is high enough to 
enable them to develop. The favorite breeding-places of all of these 
insects are quiet pools of water in the vicinity of streams which have 
been separated off from the main current by subsidence or drying 
up, and which are not accessible to fishes. In these warm pools the 
insects deposit their eggs on the surface. The larve live for a number 
of days in the water until the full-fledged insect appears. Only a 
week ago I noticed near the base of Mount Washington, in a mountain 
stream, a large number of rock pools, which had been excavated by 
the churning of the water in a very hard variety of granitic rock. In 
these. rock pools there were myriads of Cu/ex larve. These pools 
contained very warm water, due to the heating of the rock by the 
sun’s rays. In that way the larve obtained all the heat they needed 
for their development into adult mosquitoes. But, in examining the 
pools which were fed by little rivulets which came out of the rocky 
crevices, and in which the water was rather cold, I was unable to see 
a single larva. There are several reasons why this condition may 
have prevailed. Itis possible that the surface current of water, which 
was very feeble indeed, might carry off the eggs into the main stream, 
it might carry off the larva that came to the surface to breathe; but I 
am inclined to think that the differences were due largely to the 
difference in temperature. One pool was fed with cold water, the 
other was isolated and was brought up to a temperature of probably. 
25 to 30 degrees C. by the warmth of the rocks, which were heated 
by the sun’s rays. 

With these investigations in view, I think it is very easy to harmo- 
nize the old and the new views of malaria. That malaria should arise 
in swampy land is easily harmonized with the old theory, because 
mosquitoes need water to breed in and they cannot breed on dry 
land. The larve are aquatic, and must live in water. Consequently, 
the proximity of water is a necessity to the production of mosquitoes, 
a necessity to the development of malaria. It is more difficult to 
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explain those conditions under which malaria appears when large 
public works are undertaken, when canals are dug, railroad embank- 
ments built, and drinking water and sewerage introduced into towns. 
Here there is simply the overturning of the soil. The old theory, 
that the malarial organism lives in the soil for untold ages, until it is 
turned up, is utterly ridiculous, and cannot be entertained any longer ; 
and the question arises, How is it possible to account for malaria 
appearing under these circumstances? It is well known that it does 
appear almost always under these circumstances, or it has done so in 
the past, at any rate. 

There are several conditions that we should take into account. In 
the first place, all such work involves the temporary formation of 
inequalities of the soil, the interference with the natural shedding of 
the water from the soil, and the consequent formation of puddles in 
which mosquitoes may breed. Then, in the economic conditions 
which prevail to-day, it has been customary, in order to get work 
done, to import laborers in large numbers from different places and 
to keep them near the work; and this has given rise to the formation 
of laborers’ camps. These camps have generally been near a source 
of water, because proximity to water was a necessity for camp life. 
Sometimes this water was running, sometimes it was stagnant. Then 
a third condition was the introduction of individuals who had proba- 
bly been through a number of malarial epidemics in other parts of 
the country where they had been at work, or who were brought from 
foreign countries where malaria is endemic in all its forms. We 
have, then, the very conditions that are necessary to produce malaria. 
We have the infected individual, we have an opportunity for the mos- 
quito to breed, and we bring the infected individual in close contact 
with the breeding-grounds of the mosquito. I think that these facts 
are sufficient to explain, in accordance with our present theory of 
malaria, the existence of this malady under conditions which I have 
described. ; 

In conclusion, I must say a few words about the means by which 
malaria can be suppressed, It is the hope, or it has been the hope, 
of most European countries that these investigations would rid their 
colonial possessions in Africa and in Asia, for instance, of the worst 
scourge to the white man, malaria. Whether this will ever be possible 
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is questionable; but it does seem to me that in our own climate, in a 
State like Massachusetts, it should be entirely possible to eradicate or 
to suppress malaria, to see that it does not assume epidemic forms 
such as have prevailed occasionally in the immediate past. The 
things to be done are threefold, and they have been accepted by all 
sanitarians and all students of the subject of malaria. The first 
thing is to endeavor to rid the neighborhood of mosquitoes; the 
second is to protect individuals from the bites of mosquitoes, as far as 
possible; and the third is to protect the sick from the bites of mos- 
quitoes, to prevent the dissemination of infected mosquitoes, and also 
to treat carefully all cases subject to relapse. 

The destruction of mosquitoes requires the drainage of the soil as 
the only means by which they can finally be removed. Cultivation 
and tillage of the soil will tend to the removal of puddles. In 
densely populated countries this has been done, so that in Germany, 
for instance, where every foot of land is under cultivation, there is 
practically no malaria. In our own country, where there is an im- 
mense amount of land which is left to take care of itself, where the 
railroads have had full sway in cutting off the natural drainage of the 
soil by embankments which are not properly drained, there is still a 
great opportunity for mosquitoes to develop and to spread disease. 
To suppress these mosquitoes is the great problem of the future. It 
will eventually be done, with the increasing population; but it is 
hardly worth while to wait for that time when every foot of land will 
be taken up and put under cultivation. 

The destruction of mosquitoes should be undertaken by communi- 
ties rather than by individuals. But here public health again meets 
a good many opponents, who are either sceptics of the theory or who 
do not care to undertake their portion of the task. I read a para- 
graph in one of the New York papers some weeks ago, which states 
the case very graphically. Certain objectors to the destruction of 
mosquitoes claimed that, when kerosene was used and poured upon 
these puddles to destroy the larve, the mosquitoes themselves became 
so loaded with kerosene that, when they flew into the lamp at night, 
they became ignited, and converted into dangerous sparks liable to 
set fire to dwellings. This is one of the arguments which the rural 
genius is apt to breed, and which are so injurious to the work of 
public health authorities. 
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You probably are all familiar with the different methods which are 
in use in destroying and suppressing mosquitoes; and it is hardly 
worth while for me to go over that ground, especially as the daily 
press is ready to inform any one upon these subjects. You know 
that the palliative of pouring kerosene upon puddles is a very good 
one, but any remedy of that sort is merely palliative. The thing is 
to get rid of the puddles, because the kerosene will sooner or later 
disappear, and give rise to a new crop of mosquitoes. But such 
methods as the use of kerosene, the addition of lime to puddles,— 
which causes alkalinity of the water,— are very good means of destroy- 
ing mosquitoes until we can get some better method of destroying 
their breeding-grounds. 

The protection of the people from mosquito bites is a very simple 
procedure, and easily carried out. The proper screening of houses 
is cheaply done. Communities in malarial regions should be warned 
of the danger of the open after sundown. Recently the Italian in- 
vestigators have published some very striking statistics concerning 
the value of such preventive methods in countries that are saturated 
with malaria. Different men of the malaria commission undertook 
to protect, experimentally, the men who were compelled to live along 
the railroad tracks of the different Italian railroads passing through 
very dangerous malarial swamps. They personally supervised the ex- 
periments, provided the houses in which these railroad officials lived 
with proper screens, provided double doors, and regulated the lives 
of the people in such a way that they could not be exposed at night. 
The statistics which they publish for the years 1899-1900 show that 
fully 90 per cent. of such people remained free from malaria in some 
of the worst parts of Italy, and that, of those people who were not 
properly protected, nearly go per cent. suffered from malaria during 
the season. The method of protecting people by keeping away the 
insects in some mechanical way or other is thus a very valuable 
means, especially in places where there is always danger of contract- 
ing malaria. 

The third demand made by the results of studies in malaria is the 
thorough treatment of all cases of malaria. Their protection from 
bites and the treatment of relapses of course come in as a necessary 
corollary to what I have said. I believe that the relapsing cases are 
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probably the sources of spring epidemics. Persons who have become 
infected in the fall, who have had a few chills, and who have been 
cured by quinine, may be well during the winter; and early in the 
spring they suddenly have a fresh chill. Such persons have carried 
a malarial parasite in their blood during the winter; and, given sea- 
sonable conditions in the spring, they may be the starting-point of 
epidemics later on in the season. They infect the earliest broods of 
mosquitoes, and these have ample opportunity to spread the disease 
over a large region, and to form a number of foci of the disease; and 
the entire summer is likely to be a summer of malaria. The earlier 
the infection takes place, the worse for any particular locality. It is 
a strange fact that in the malaria of cattle, of which the parasite is 
shown in this diagram, the animals that are perfectly immune carry 
this parasite throughout their life in the blood. They can always be 
used as sources of infection. It is quite probable that similar condi- 
tions prevail in human malaria,— that, if persons who have lived for 
years and years in malarial countries and have passed through fre- 
quent attacks have once become immunized, they may carry the para- 
site indefinitely in their blood or else become readily reinfected by 
the mosquito without showing any disease themselves. I am inclined 
to think that the future will show that it is not the freshest cases of 
malaria that are the most dangerous ; but it is the old cases of malaria, 
the cases which do not show any visible disease, but which carry the 
parasite in its perfect condition, ready to form the sexual bodies which 
pass into the mosquito, and there continue their evolution until the 
sporozoites are ripe. 

In conclusion, I should like to speak of one interesting feature ; 
and that is immunity to malaria. If you read the older text-books on 
medicine, you will find that they all state that there is no immunity to 
malaria, that persons can have attack after attack without showing 
any spontaneous improvement or without becoming well spontane- 
ously. This is true to a certain extent, but it is not entirely true. 
Persons probably could become immune, but it takes a long time. It 
takes a long time for individuals to reach that stage when they can 
expose themselves to malaria without becoming ill. And, strangely 
enough, this has been demonstrated by Koch in his African studies. 
He found in some of the villages where malaria prevails that the 
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children all had malaria, they all had an enlarged spleen, and they 
had the appearance of being under the influence of the malarial 
poison; but, as these children grow up, they lose the enlarged spleen, 
they no longer have chills, their blood no longer contains the para- 
sites in demonstrable numbers, and, when they have become adult, 
they are no longer susceptible to malaria, they have become immune 
to it. The same is true in the malarial disease of cattle. The young 
animals that are born in infected territories may have frequent attacks 
while they are young. They grow up, and become absolutely immune 
to the disease. But, strangely enough, they always carry this parasite 
in their blood. Their blood is always infectious to those that are sus- 
ceptible. There is thus an immunity to malaria; but that immunity 
is of no consequence to us, because it would not pay us to become 
immune. We should probably die before we reached that stage 
when immunity was attained. The reason why we do not become 
immune is because, as soon as malaria has developed within us, we 
are treated; and the parasite dies. The system does not undergo the 
peculiar influences of the parasite during long periods of time, which 
lead to immunity, so that after a patient is treated for one attack of 
malaria he may contract that disease again another year, he may con- 
tract it as long as he lives, because he is cured at once, the malarial 
parasite has no chance of modifying his system; and, consequently, 
he is always susceptible. I think it is this fact which has led physi- 
cians to speak of malaria as a disease toward which we cannot acquire 
immunity. There is no difference between malaria and other diseases 
in that respect excepting in this, that it requires a very long time, and 
it probably demands a very youthful system, to withstand malaria, 
before full immunity is acquired. 

I should like to have those of you who are interested examine these 
larvae of Anopheles and Culex, and also these specimens of adult mos- 
quitoes, showing the malaria-carrying species, 4. guadrimaculatus and 
A. punctipennis, because they are rather rare in this locality. 


The Presipent.— Dr. Smith’s paper is before you for discussion 
or question. There is one important subject that has not been acted 
upon, and that is the next meeting of this Association. There has 
been no urgent invitation brought to the attention of any officer or 
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any committee of this Association from any municipality eager to en- 
tertain the Association at its October meeting, and I presume there 
must be such a municipality. But the officers of the Association will 
be content to receive a private notification of the desires of the mu- 
nicipality within the next month or two. 

Is there any other business to come before the Association? Any 
discussion ? 

Dr. CHasE,— Mr. President, before we adjourn, I hope there will 
be an opportunity of asking, through you, of Dr. Smith some advice 
for the action of boards of health. Is it not essential that certain 
places, like the Charles River basin and the Neponset River basin, be 
drained, in order to get rid of the pools and breeding-places of mos- 
quitoes? In regard to the use of kerosene, of which we have heard, 
I should like to inquire how much kerosene per yard of surface should 
be put on the water, and how often. Doubtless there are other prac- 
tical points that we might learn from Dr. Smith before we adjourn. 

The PRESIDENT.— These questions are certainly very practical 
questions, eminently practical, before such an Association as this. I 
don’t know that we possess that positive information that Dr. Chase 
asks for. 

Dr. Cuase.— Perhaps the Doctor would be willing to suggest some 
details. 

The PresipENT.—I should like to ask if Dr. Smith has any knowl- 
edge of such details. 

Dr. DurcIn.—I would suggest that we have yet three-quarters of 
an hour before it is time to start for Boston. This is one of the most 
interesting papers that has ever come before this Association, and it 
was expected that members of boards of health throughout the State 
would be ready with practical suggestions for dealing with this great 
question. Dr, Smith, I am sure, is ready to answer any question that 
might be asked as to practical ways of fighting the mosquito. 

The PRESIDENT.— Dr. Smith, will you answer the question ? 

Dr. SMItH.— Mr. President, about ten years ago Mr. Howard, of 
the Department of Agriculture, suggested that kerosene would be an 
excellent means of destroying the larve in pools, owing to the fact 
that it forms a very thin film on the surface, and, as the larvae come 
up to breathe and their respiratory siphon touches the surface, they 
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are unable to get the air on account of the oil. This was an old 
remedy, but he resuscitated it and used it successfully. I think that, 
if any one wished to get accurate information concerning the quantity 
of kerosene to use per square foot or per square yard, he would un- 
doubtedly be able to obtain that information by writing to Dr. L. O. 
Howard, of the Agricultural Department at Washington. There are 
a number of publications upon the substances to be used, especially 
the Italian journals, where various soluble substances have been 
tried, among them anilines and oils. I think these two sources would 
probably give all the information desired in regard to the amount of 
these substances to use. But, as I said in my remarks, the use of 
kerosene is merely palliative; and, while it is good for the time being, 
it will by no means reach the object finally desired. 

Dr. Hitt.— Perhaps I may be pardoned, Dr. Smith, for saying 
that I happen to remember that Dr. Howard suggests one ounce to 
fifteen square feet. ‘Light fuel oil” is the commercial grade which 
he recommends, one ounce to fifteen square feet. The frequency of use 
is from two to four weeks, Of course, a very still pool, where there 
was very little loss, would not require application quite so often as 
where there is more or less constant flow. I recommended every 
ten days or oftener, in order to interfere with the cycle of life of the 
mosquito, in a case where a spring containing larve was found in the 
basement of a Boston hotel. Experiments I have made show that 
half an hour under a coal fuel oil is sufficient to drown the larve or 
at least weaken them beyond recovery. 

Mr. UNDERWOOD,— I would say that Dr. L. O. Howard has written 
a book called “ Mosquitoes: How to Destroy them, How they Live, 
and How they carry Disease.” That book can be bought, and it is 
now on sale at all the bookstores, In it he describes very fully all 
about the mosquito, how it can be killed, and tells just how much 
oil to use and the kind of oil, and where it has been tried in the dif- 
ferent sections of the country, and what progress has been made 
along those lines. In Belmont we have had quite an experience with 
fighting the mosquito by draining the lands in the neighborhood of 
Hill Crossing. Any of you that have passed by there on the Fitch- 
burg road have probably seen the great swamp that the road goes 
through. And, by the way, that land has been covered with water 
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partly through the railroad’s having gone through there and built 
embankments, throwing this water back. Last year, through the co- 
operation of the Cambridge Board of Health and the Belmont Board 
of Health, we drained a considerable portion of these meadows; and 
the testimony of the people who have lived in the vicinity is that this 
year there are not as many mosquitoes as usual. We hope to still 
further benefit that section by getting Somerville and Arlington to 
co-operate with Cambridge and Belmont, and still further drain Ale- 
wife Brook, which is the key to the whole situation. You will be in- 
terested to learn that we have found in that locality a great many of 
the Anopheles mosquitoes, or the larve, and the adult mosquito. We 
hope that the people of the community will take hold of the question, 
and will see if something still further cannot be done. Probably the 
area is too large to cover with kerosene, and the only remedy that 
we think efficient will be the ultimate draining of the whole district. 
There has certainly been, as all Cambridge and Arlington physicians 
can testify, a great deal of malaria in the neighborhood. 

Dr. Howr.— I have understood that kerosene should not be used 
in bodies of water where animals are likely to drink. I would also 
like to ask whether fish should be considered. In our village there 
is a pond which is stocked with gold fish, has been stocked with gold 
fish for years, but whether it would be prudent to put kerosene on 
that pond? 

Dr. SmitH.—I should think the wisest thing to do would be to ex- 
amine the pond to see whether any larve live init. It may be that 
mosquito larve cannot live in it. Dr. Howard says that one of the 
most reasonable of the recommendations which have been made from 
time to time is the application of kerosene to restricted and fishless 
breeding-ponds,— fishless, because the fish are very likely to destroy 
the larve. 

Mr. UNDERWooD.— I should like to state, in regard to the gold fish, 
that the Anopheles which you have seen in those bottles to-day were 
taken out of a tank within fifty feet of a gold fish pond; and I have 
been unable to find any larve in the pond where the gold fish are, 
So it seems evident that the fish are eating up the mosquito larve. 
Furthermore, I have put these fish into an aquarium where I have 
seen them eat the larve with great relish. I observed that one fish 
ate eleven in as many minutes. 
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Dr. Durcin.— I should like to ask Dr. Smith if it makes any differ- 
ence in the breeding of the mosquito if these little pools of water are 
mixed more or less with salt water. 

Dr. SmitH.—There are certain species that do breed in brackish 
water; but whether Azopheles breeds there, I think, has not yet been 
determined, 

Dr. ABBoTt.— Mr. Chairman, there is another practical point in 
connection with this matter of the application of kerosene oil, and 
that is the spreading of it by agitating the water. A single drop of 
kerosene oil will cover upon a quiet pail of water about an inch; but 
the slightest agitation of that will cause the drop to spread over nearly 
a foot,— that is, over the whole surface of the pail. I found that the 
application of fifty cubic centimetres—that is, an ounce and two- 
thirds — to a small pool of stagnant water would spread at first, when 
laid upon the water quietly, over only about a foot; but brushing the 
surface with a switch would very soon spread that over about a square 
yard, and a day or two afterward I found that that had become still 
much more diffused. There is another point, and that is the effect 
of the wind upon mosquitoes. On a little island, or practically an 
island, in Buzzards Bay, there are no mosquitoes when the wind is in 
a certain direction; but the island being about a quarter of a mile 
from the shore, just as soon as the wind shifts into the east and car- 
ries the wind from the shore, the mosquitoes prevail until the wind 
changes again. Another practical point is in regard to fish. There 
is one fish that I once observed, not necessarily eating the larve of 
mosquitoes, but, what is practically the same thing, the eggs; and 
that is the horn-pout, commonly called in Southern waters the catfish. 
The horn-pout has a horizontal mouth, not a round mouth, That 
mouth, it seems to me, is made for a certain purpose. From observa- 
tions I made upon a pout that I tamed and kept in a tank during the 


-whole summer season,— this was many years ago,— he would come 


up to the surface and feed upon earth worms offered to him; but that 
same horn-pout, in the evening, would come to the surface and sweep 
the water one way and another with his mouth where the eggs are 
always deposited. So that, in taking in those eggs he destroys, of 
course, what the fish might be a long time in destroying in the shape 
of larve. I mention this and the matter of spreading the kerosene 
oil as practical points in the destruction of the larvee. 
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Dr. Howe.— Mr. President, I was very much interested in Dr. 
Smith’s explanation with regard to the prevalence of malaria where 
the soil has been freshly turned up, I shall be interested also to 
know his reasons for the great prevalence of malaria in the States to 
the south of us, and the comparative immunity of Massachusetts, or 
a great part of Massachusetts. 

Dr. SmitH.— Mr. President, as we go south, all parasitic diseases 
increase in intensity; and this is largely due to the fact that there is 
no cold winter to interrupt the life of the parasites in nature. The 
same is true of mosquitoes. Consequently, infected mosquitoes are 
able to do much more damage than they would in the North, where 
their breeding is interrupted every season when the winter comes. 
This is the great safeguard of temperate climates toward all forms 
of parasitic and malarial diseases, 

Dr. MiLLeEr.— Did I understand Dr. Smith to say in his paper that 
lime thrown in these quiet pools would destroy the mosquitoes ? 

Dr. SmitH.— Ordinary slaked lime will destroy them by producing 
an alkaline reaction of the water. 

Dr. CuHapin, Providence.— Mr. President, I have been very 
much interested and delighted with Dr. Smith’s remarks, setting this 
matter of the malaria and the mosquito so clearly before us; and I 
hope he has succeeded in arousing an active interest on the part of 
every Board of Health. It seems to me he certainly must have by 
what he has told us this afternoon. I see no reason, except lack of 
funds, why every Board of Health or health officer should not under- 
take the investigation of the mosquito and the destruction of it. One 
remark that Dr. Smith made, I hope, will impress itself forcibly upon 
every one,— that it is a good plan to look first and see whether there 
are any mosquito larva present before we attempt to eradicate the 
breeding-places. It is necessary, it seems to me, before we go to 
work to fight the mosquito, to find where the mosquito is; and this 
can only be done by painstaking investigation of every possible breed- 
ing-place in town, and perhaps in adjoining towns, for I am afraid 
that we will find that in many instances the mosquito is borne a very 
considerable distance, perhaps over a mile, by prevailing winds. We 
have done a little of this work in Providence, and have found some 
surprising results. In many places where we expected to find 
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mosquitoes we found none; and in others, where we did not expect 
to find them, we did find them. We met with some difficult problems. 
It is easy to say you should either drain or fill up, or put on kero- 
sene or stock with fish; but we found in Providence that the most 
fertile breeding-place for mosquitoes was a river which is so grossly 
polluted that fish will not live in it, but mosquitoes breed in great 
quantities. The river is so situated and is so rapid that, it seems to 
me, it would be extremely difficult, if not impossible, to apply 
kerosene ; and I think there would be objection on the part of those 
who are the riparian owners. We cannot stock it with fish, because 
the fish will not live in it; and of course there is no way of draining 
it. At present the alternative seems to be to render it pure. As it 
is polluted by wealthy manufacturers, we expect to be troubled by 
mosquitoes for a long time to come. 

Dr. SmirH.—I should like to ask Dr. Chapin how the larve main- 
tain themselves in the strong current of water. Why are they not all 
carried away? 

Dr. Cuapin, Providence.— They, of course, do not live where the 
current is rapid; but all along the stream there will be little recesses 
in the banks, and there are quite a number of dams, making mill 
ponds, and in these the mosquitoes breed in great numbers. The 
stream is so polluted at places with the discharge from a bleachery 
that it is easy to smell the chlorine at quite a distance from the banks. 
But no fish are there. We have never found in Providence any num- 
ber of mosquitoes in a body of water where there were fish, except 
among plants along the margins where fish cannot swim. We will 
occasionally find a few struggling larve in ponds where there are 
fish, but no great number. 

Dr. SmitH.—I should like to ask Dr. Chapin again whether the 
water had been analyzed to find out what deleterious elements were 
present. That would give us some information as to the amount of 
deleterious and noxious substances that the mosquito larvae can 
stand. 

Dr. CuHapin, Providence.— The water has been analyzed —I 
think it is analyzed monthly — from one or two points by the State 
Board of Health. I don’t know what the analysis is or how com- 
plete it is, but they make some analysis of it. The subject of the 
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prevention of the pollution of the stream is under consideration now, 
and the analysis will undoubtedly receive further consideration. We 
found mosquitoes breeding in salt water in Providence, water that 
was extremely salt, very much salter than the water of the ocean, — 
pools left by high tides and which have evaporated by the sun; but 
in these, again, we don’t find them where there are any fish. There 
is one marsh within the city limits that is traversed by ditches, and 
the ditches and pools connected with it all have fish, and there are 
no mosquito larve; but, wherever the cattle walk about in the marsh 
and make little depressions, these are all full of mosquito larve. 
The mosquitoes are the striped variety, I think. 

Dr. B, F, Davenport.— Do I understand the gentleman to say 
that, when the water is so polluted with chloride of lime as to smell 
strongly of it, and to kill the fish, mosquitoes yet abound in it? 

Dr. CHAPIN, Providence.— Yes, sir. 

Dr. DavENPoRT.— It is commonly supposed that chlorine would 
have a destructive effect upon all animal or vegetable life. We use 
it for disinfecting purposes with that idea. 

Dr. CuaPin, Providence.—I said we found some surprising things. 

Dr. Durcin.—In connection with Dr. Chapin’s remarks concern- 
ing the activity of members of the boards of health in this work, I 
would say that in Massachusetts every Board of Health has authority 
under Chapter 80 for putting into effect the so-called wet, rotten, and 
spongy land act. The Board of Health can proceed and drain it to 
its satisfaction and put a lien on the property for the expense, up to 
a limit of $2,000 in each instance. 

Mr. Scort.— Mr. Chairman, perhaps some of the members of the 
Board of Health here present from the different towns will realize 
the predicament which Hyde Park isin. We have a space which is 
wet, rough, and spongy. We have already given a hearing, and we 
have declared the place a nuisance. We have asked the selectmen 
to insert an article in the warrant, giving us money,— it is going to 
cost more than $2,000, to the best of our knowledge and ability,— 
and the selectmen feel poor. They refuse to put the article in the 
warrant. We would like to do it, but we cannot do it. We have got 
to wait till later on. You will find that is the trouble in most 
towns. 
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Dr. Durcin.— Do half of it under one contract, and the rest under 
another contract. 

Dr. DavENPoRT.— Mr. Chairman, in the case of a Massachusetts 
town, if the gentleman would present a petition with the signatures 
of ten legal voters, the selectmen would have by the statutes to put 
the article into the warrant. 

Mr. Scott.—I state, Mr. Chairman, we have the article, and we 
have another article at the same time, drawn up by a lawyer, with ten 
signatures, good legal citizens of the town, and they refused also to 
do that. I don’t know what we can do really unless we do as Dr. 
Durgin says,— do half of it and then do the other half. 

Dr. Durcin.— Do the next best thing at your next election. 

Mr. UNDERWoop.— I should like to ask Dr. Smith if it has been 
determined whether there is any particular time in the cycle of the 
organism in the human body that the mosquito must bite, in order to 
convey the organism to himself when he attacks a person who is 
afflicted with malaria. Will the organism go into his body at any 
time or must it be at some certain stage in the cycle of the 
development ? 

Dr. SmitrH.—I think that is not very well determined at present, 
but theoretically, at least, the conditions are these: that, unless the 
parasite is in the stage of producing the male and female elements, no 
transmission of the malarial parasite takes place. If it is simply in 
the stage of sporelation, it is fit to reinfect the individual himself, 
producing repetitions of the chill; but, when the stage has arrived 
for the parasite to go into the stages of male and female elements, 
then it can be taken into the stomach of the mosquito, because there 
these gametes are ready for fertilization and further development. 

Dr. H1tt.— Would it be a fair deduction from your statement, Dr. 
Smith, to say that a patient must be bitten during the chill in order to 
infect the mosquito ? 

Dr. SmitH.— No, I think not, because the chill takes place when 
the ordinary sporelation, so called, within the body takes place, which 
tends to reinfect fresh corpuscles; but, when these bodies are 
formed, I do not know that we have any evidence that any chill 
occurs, 

Dr. Hiri.— Is it not taught that these sexual forms do not develop 
except outside of the body? 
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Dr. SmirH.— The sexual forms do develop to a certain point 
before they leave the human body. 


The PrestpDENT.—Is there anything else to be said upon this 


most interesting subject? In one respect only can I add anything to 
complete Dr. Smith’s paper. The first demonstration of the real 
nature of the malarial disease of cattle —one of the most important 
discoveries in medicine of this generation — was the work of Dr. 
Smith himself. 

Dr. Durcin.—I move that a vote of thanks of the Association 
be given to Dr. Smith for his most interesting and valuable 
paper. 

Dr. CuHasE.— I second the motion. 


The motion was adopted unanimously. 


Dr. Durcin.—I hope that the remark of the President concern- 
ing the next place of meeting, in October, will not be forgotten, and 
that those who are anxious for meetings in some of the distant cities 
of the State will communicate with the officers of the Association 
before a great while. 

The PresipENT.— Is there any further business to come before 
the Association at this time? If not, it is moved that we do now 
adjourn, 


Adjourned. 
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